1. Introduction
===============

1.1. Background
---------------

Hypertensive disorders of pregnancy are considered as an important cause of severe morbidity and mortality among mothers and infants ([@b1-epj-08-3057]). Preeclampsia can be a hypertensive disorder complicating 5%--8% of all pregnancies ([@b2-epj-08-3057]). According to a systemic review and meta-analysis published in 2013, preeclampsia has a noticeable relationship with an increased risk of developing hypertension, ischemic heart disease, and cerebrovascular accident in later life ([@b3-epj-08-3057]). Furthermore, it is associated with fetal growth restriction, low birth weight, preterm birth, respiratory distress syndrome, and admission to a neonatal intensive care unit ([@b4-epj-08-3057]).

1.2. Statement of problem
-------------------------

Homocysteine is an amino acid containing sulfur, which plays important roles in humans' metabolic pathways. These roles include cystathionine formation and methionine reformation. It needs methyl groups for its action, which takes it away from the folic acid pathway. Methionine synthase plays a catalyzer role in this reaction, which requires the presence of vitamin B12. A reduction in plasma concentrations of vitamin B12 or folic acid increases the homocysteine levels ([@b5-epj-08-3057]). Hyperhomocysteinemia is associated with preeclampsia ([@b6-epj-08-3057]--[@b9-epj-08-3057]), increased risk of SGA ([@b10-epj-08-3057]), pregnancy loss ([@b9-epj-08-3057]), and premature delivery ([@b11-epj-08-3057]). High levels of homocysteine are associated with higher risks of cardiovascular diseases ([@b12-epj-08-3057]). The mechanism is poorly understood, but high homocysteine levels seem to alter endothelial nitric oxide secretions, thereby inducing hypertension and ischemia ([@b13-epj-08-3057]). During a normal pregnancy, plasma homocysteine concentrations will decrease ([@b5-epj-08-3057]). High levels of maternal serum homocysteine are associated with higher rates of pregnancy complications, but the evidence is conflicting ([@b14-epj-08-3057]). Previous studies have shown higher levels of homocysteine in preeclamptic women; they are detected in early pregnancy and remain elevated until delivery ([@b15-epj-08-3057]). Low maternal folate concentrations are associated with preeclampsia ([@b9-epj-08-3057], [@b10-epj-08-3057], [@b16-epj-08-3057]). The ability to screen women at risk for preeclampsia would increase the potential for strategies of prevention ([@b8-epj-08-3057]).

1.3. Objectives
---------------

The aim of this study was to determine whether serum homocysteine is higher in pregnant women complicated with preeclampsia compared to normal pregnant controls as well as to investigate whether it could be related to folate or vitamin B12 deficiency. In addition, it examines whether different levels of homocysteine are associated with the severity of the disease.

2. Material and Methods
=======================

2.1. Study design
-----------------

This case-control study was conducted within hospitals associated with academic medical centers of Ahwaz, Iran, from January to April 2016.

2.2. Sampling
-------------

The study included a sample of preeclamptic pregnant women with gestational age 34 weeks and more (N=51) aged 18--40 years, and 51 normal healthy pregnant women at the same gestational age as controls. The sample size was determined for the power and confidence of 90%. Women with a history of chronic hypertension, overt or gestational diabetes mellitus, kidney disease, hemoglubinopathies, megaloblastic anemia, seizure, prior significant illness, personal or familial history of deep vein thrombosis, and/or vitamin deficiency as well as those receiving any anti-folate drugs (antiepileptics, methotrexate) were excluded. In addition, in the presence of intrauterine growth restriction or new onset of grand mal seizure, considered to have ecclampsia, the patients were excluded. The subjects were not in active labor.

2.3. Measurement tools
----------------------

Participants were informed of the study, and written informed consents were received from all participants in this study. Data obtained from face-to-face interviews and medical records were recorded in a specific questionnaire designed for this study.

2.4. Data collection
--------------------

Preeclampsia was defined as having blood pressure ≥ 140/90 mmHg on at least two occasions, 6 hours apart, associated with proteinuria, which was defined as urine protein concentrations ≥ 300 mg/dl in a 24-hour urine collection or persistent 1+ dipstick proteins in random urine samples. Preeclamptic patients were divided to two subgroups: severe and non-severe. Severity was defined by the presence of at least one of the following criteria: blood pressure ≥ 160/110 mmHg on two occasions 6 hours apart, serum creatinine \> 1 mg/dl, platelet count \<100000/μL, aspartate aminotransferase (AST) elevated two times above upper limit of normal range, persistent headache or scotoma, persistent midepigastric or right upper quadrant pain, and/or oliguria (less than 500 ml of urine in 24 hours). Venous blood samples were collected in test tubes containing clot activator, immediately stored on ice, and---one hour after collection---centrifuged at 4000 rpm for 10 minutes. Plasma were separated and stored at −80°C through the hour to be analyzed.

2.5. Biochemical analysis
-------------------------

The plasma homocysteine level was measured via the chemiluminescent method using kits from Abbott Corporation, USA. The folic acid and vitamin B12 levels were measured with electrochemiluminescence using kits from Roche Company, Germany.

2.6. Statistical analysis
-------------------------

Statistical analyses were conducted using software SPSS 20.0. A Kolmogorov-Smirnov test was used to determine whether sample data are normally distributed. We used an independent sample t-test for age, gestational age, folate, and vitamin B12, and a Mann-Whitney test for other variables. To determine the relationship between two groups in terms of folic acid consumption, we used a Fisher test and Chi-square test for the consumption of multivitamins. Correlation analyses were performed using the Pearson product--moment correlation coefficient.

2.7. Research ethics
--------------------

This study was confirmed by the Committee of Research Ethics (code: IR.AJUMS.Rec.1394.577).

3. Results
==========

Patient demographic data are shown in [Table 1](#t1-epj-08-3057){ref-type="table"}. The maternal demographics and gestational ages were similar between the groups (group 1: preeclamptic, group 2: normal). The consumption of folic acid depended on period of time taking medication, divided to four subgroups: I. No consumption; II. Consumption only in the first trimester; III. Consumption before pregnancy until the end of the first trimester; and IV. Consumption throughout the pregnancy period. No difference between the groups occurred in this division. In addition, there was no difference between the two groups in terms of the consumption of multivitamins. The mean homocysteine level was 8.50 ± 2.19 in group 1 and 4.62 ± 2.52 in group 2. A significant difference emerged between the two groups (p \< 0.001). The mean serum folate was 12.3 ± 3.62 in group 1 and 14.24 ± 3.89 in group 2; a significant difference was evident between the two groups (p = 0.005). The mean vitamin B12 was 143.32 ± 58.88 in group 1 and 199.71 ± 87.36 in group 2; a significant difference was evident between the two groups (p \< 0.001) ([Table 2](#t2-epj-08-3057){ref-type="table"}). In group 1, a statistically significant inverse correlation occurred between serum homocysteine and serum folate (p = 0.005); an inverse correlation between serum homocysteine and vitamin B12 was also evident, but it was not statistically significant (p = 0.160) ([Table 3](#t3-epj-08-3057){ref-type="table"}). Group 1 was also divided into 1a (severe) and 1b (non-severe) subgroups, with significant differences in serum homocysteine and serum folate between these two subgroups. Other parameters had no significant difference ([Table 4](#t4-epj-08-3057){ref-type="table"}).

4. Discussion
=============

The results of this study show that serum levels of homocysteine, folic acid, and vitamin B12 are altered during preeclampsia compared to pregnant women with normal blood pressure. Significant elevated levels of homocysteine and decreased serum folate and vitamin B12 were found in women with preeclampsia. High concentrations of homocysteine are a proven risk factor for vascular disease ([@b17-epj-08-3057]). It seems that high levels of homocysteine can damage endothelial cells and cause endothelial dysfunction, which is characteristic of preeclampsia. Dodds et al. showed that high homocysteine in early pregnancy is a risk factor for preeclampsia ([@b8-epj-08-3057]). In addition, elevated levels of homocysteine in women with preeclampsia exist from early pregnancy and remain high until delivery ([@b15-epj-08-3057]). Several studies have shown high concentrations of maternal serum homocysteine in preeclampsia ([@b6-epj-08-3057], [@b7-epj-08-3057], [@b9-epj-08-3057], [@b18-epj-08-3057]--[@b20-epj-08-3057]). The results from this study support these outcomes. Homocysteine metabolizes in two pathways. One is remethilation to methionine ([@b7-epj-08-3057]). It needs folate as a substrate and vitamin B12 as a coenzyme. The absence or lack of any of these will lead to homocysteine accumulation ([@b16-epj-08-3057]). In several studies, the reverse correlation between levels of serum folate and homocysteine has been demonstrated ([@b9-epj-08-3057], [@b10-epj-08-3057], [@b16-epj-08-3057], [@b20-epj-08-3057]). Furthermore, an inverse correlation exists between levels of vitamin B12 and homocysteine ([@b9-epj-08-3057], [@b20-epj-08-3057]). In this study, a significant inverse correlation was found between homocysteine and serum folate. In addition, a negative non-significant correlation occurred between levels of vitamin B12 and homocysteine, although several studies found no significant difference in serum folate and vitamin B12 between preeclampsia and control group. Also, no correlation was found between serum folate and vitamin B12 with a concentration of serum homocysteine ([@b6-epj-08-3057], [@b7-epj-08-3057], [@b19-epj-08-3057]). The folic acid requirement during pregnancy is higher due to increased cell proliferation ([@b9-epj-08-3057]). Maternal folate levels can be determined by measuring folate's concentration in maternal serum. Folate and vitamin B12 deficiencies are associated with increased serum homocysteine, resulting in adverse pregnancy outcomes ([@b20-epj-08-3057]). This study found lower folate levels in pregnant women with preeclampsia, supporting the view that low serum folate levels in pregnancy---perhaps more obvious in women with a low socio-economic status---can lead to pregnancy complications. According to the results, by measuring the levels of serum homocysteine, folic acid, and vitamin B12, women at risk for preeclampsia could be screened. This is more important for women with risk factors or a previous history of preeclampsia.

5. Conclusions
==============

Women with preeclampsia displayed higher maternal serum homocysteine and lower serum folate and vitamin B12 levels. Further studies are needed to confirm if the prescription of folic acid and vitamin B12 in women deficient in these vitamins could decrease the level of serum homocysteine, thereby reducing the risk of preeclampsia or(if it occurs) its severity.
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###### 

Demographic data in preeclamptic patients and controls

  Parameters                        Preeclampsia group (n=51)   Controls (n=51)   p-value
  --------------------------------- --------------------------- ----------------- ---------
  Age (year)                        25.76 ± 4.52                27.14 ± 5.48      0.171
  Gestational age (week)            36.03 ± 1.04                36.16 ± 1.28      0.577
  Gravida                           1.61 ± 0.78                 1.78 ± 1.17       0.893
  Systolic blood pressure (mmHg)    149.02 ± 10.20              112.45 ± 6.19     \<0.001
  Diastolic blood pressure (mmHg)   96.86 ± 7.35                65.29 ± 5.33      \<0.001

###### 

Serum total homocysteine, folic acid, and vitamin B12 in preeclamptic patients and controls

  Biochemical Parameters   Preeclampsia (n=51)   Control group (n=51)   p-value
  ------------------------ --------------------- ---------------------- ---------
  Homocysteine (μmol/L)    8.50 ± 2.19           4.62 ± 2.52            \<0.001
  Folate (ng/mL)           12.13 ± 3.62          14.24 ± 3.89           0.005
  Vitamin B12 (pg/mL)      143.32 ± 58.88        199.71 ± 87.36         \<0.001

###### 

Correlation of total homocysteine, folic acid, and vitamin B12 in preeclamptic patients

  Parameters    r value   p-value
  ------------- --------- ---------
  Folic acid    −0.389    0.005
  Vitamin B12   −0.200    0.180

###### 

Demographic characteristics and analytes levels among severe and non-severe preeclamptic patients

  Parameters                        Severe (n=13)    Non-severe (n=38)   p-value
  --------------------------------- ---------------- ------------------- ---------
  Age (year)                        25.38 ± 4.13     25.89 ± 4.69        0.729
  Gestational age (week)            35.64 ± 1.9      36.16 ± 1.01        0.121
  Gravida                           1.38 ± 0.87      1.68 ± 0.74         0.076
  Systolic blood pressure (mmHg)    164.61 ± 5.19    143.68 ± 4.14       \<0.001
  Diastolic blood pressure (mmHg)   107.31 ± 4.38    93.29 ± 39          \<0.001
  Homocysteine (μmol/L)             10.67 ± 1.49     7.76 ± 1.88         \<0.001
  Folate (ng/mL)                    10.06 ± 2.59     12.83 ± 3.68        0.006
  Vitamin B12 (pg/mL)               130.01 ± 61.32   147.87 ± 58.15      0.350
